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■is*) Method and apparatus for surface marking. 

J) The invention provides for the marking of sur- 
faces, for example, these of glass laboratory vials, 
wnicn are marked by removing surface material 
therefrom. The vial (24) is moved relative to material 
removal means, for example a grinaing wheel (10). 
under the control of a computer (50) so as to grind a 
desired bar code or alohanumeric symbols into the 
vial surface 24B. The ground portion of the via) 
surface 24B scatters light while the ungrouna cortion 
of the surface transmits light, the ground pattern can 
thus ce read by optical reaamg means, fcr examoie 
bar code reaaing means. The process may oe auto- 
mated and performed by a robot as part of an 
analyzing or processing system. 
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METHOD AND APPARATUS FOR SURFACE MARKING 



The present invention relates to a method and 
apparatus for surface marking, and in particular, cut 
not exclusively, to a method ana aoDaratus ; cr 
forming bar cede markings on the surface or a 
transparent container as part of an integrated han- 
dling system. 

It is weii known to mark the surfaces of objects 
such as glass containers by mciding, inscribing, 
etching or otherwise altering the surface of me 
object. It is aiso known to imprint marks on me 
surface of an object, for instance as described ;n 
U.S. Patent No. 4 810 867. This Document c:s- 
cioses a method of imprinting bar ccaes on a 
surface using an imprinting device which imprints a 
matrix of dots on the surface of an object which is 
attached to a table assembly. The disclosed meth- 
od is tyoicai of dot matrix imprinting metneos and 
is not suitable for marking brittle materials such as 
glass. Also, such known methods are typically 
most useful for marking the surface of flat items 
which can be readily attached to a support table. 

In many laboratory applications, glass or plastic 
vials or test tubes are marked either with a conven- 
tional bar code - to allow automated reading - or 
with alphanumeric markings to identify the con- 
tents. Typically, paper labels having printed mar- 
kings are glued to a surface of the vial. This 
method is disadvantageous because the labels 
tend to come off when exposed to liquids or chemi- 
cals, so that the information on the label is lost. 
Also, any surplus adhesive on the label can ob- 
struct the mechanisms of automatic handling ce- 
vices commonly used as part of an automated 
laboratory system. Aiso, heat can destroy the glue 
holding the labels on, causing the labels to fall off, 
which restricts the type of environment -in which the 
vials can be used. 

In addition, the paper labels must be glued on 
manually, which prevents full automation of the 
process of handling and marking the vial. The 
paper labels can also oostruct or prevent viewing 
the contents of the vial. 

In accordance with a first aspect of the inven- 
tion there is provided a method of marking a sur- 
face of a member characterised by removing sur- 
face material from the surface by way of material 
removal means and moving the removal means 
relative to the surface to mark a predetermined 
pattern on the surface. 

!n accordance with another aspect of the 
present invention, there is provided surface mark- 
ing apparatus characterised oy means for support- 
ing a member which includes the surface to oe 
marked, means for removing material from the sur- 
face so as to mark the same, and means for 



moving the removing means relative to the surface 
to marK a predetermined pattern on the surface. 

The marks may make up a bar code or any 
other required oattern. 

5 Preferably, the marks are ground in the surface 

by an aorasive wheel; the ODject being moved 
relative to the wheel so as to grind in the desired 
markings. The ground portion of the surface of the 
object scatters light while the unground portion of 

'o the surface transmits light. Thus, when the desired 
marking comprises a bar code, the ground areas 
form the conventionally "white " i.e.. reflective back- 
ground areas of the oar cede, and the unground 
areas, wntcn do not reflect light, are the conven- 

15 tionally "black" non-reflective bars of the bar coce. 

This process may oe automated or carried out 
under manual control. The process nas advantages 
over the known art in that it is suitable for use for 
marking rather brittle and fragile gtass typically 

20 used for laboratory containers. In particular, the 
invention ailows for ready viewing of the vial con- 
tents. Also, markings are advantageously resistant 
to the effects of head, chemicals, water, etc., and 
also eliminate the need for adhesives or paper 

25 labels. 

The present invention seeks to overcome the 
disadvantages of the known art in providing a 
method and apparatus for forming a durable mark 
on the surface of an object. In particular the inven- 

30 tion seeks to provide a method and apparatus for 
marking the surface of objects as part of an overall 
analyzing and chemical processing system. Aiso. 
the invention seeks to provide a method and ap- 
paratus for bar code marking the surface of a 

as transparent object where the marked areas cor- 
resbond to the "white" reflective bars of the bar 
code, and the unmarked areas correspond to the 
non-reflective "dark: bars of the oar code. 

The invention is described further hereinafter. 

jo by way of example oniy, with reference to the 
accompanying drawings, in which: 

Fig. 1 illustrates surface marking apparatus 
embodying the invention; and 

Fig. 2 is 2 block diagram illustrating a meth- 

45 co or surface marking embodying the invention. 

An apparatus as shown in Fig. 1 ;s provided to 
grind markings :ntc glass {or plastic or similar 
matenai) ! abcratory vials or test tubes or other 
cojects. A diamond grinding wheel 10. of the type 

so commercially available from Marsnaii Laboratories, 
is provided navmg a diameter of 1 men (2.54cm) 
and a thickness of .006 inches {.15mm). The typi- 
cal minimum width of a bar code line is .008 inches 
(.2mm) so the thickness of the grinding wheel 10 is 
more than adequate for grinding bar coce mar- 
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kings. A thicker wneel naving a miCKness c: .003 
:ncnes (.2mm) may also oe usea to grind thicker 
lines. The aimenstons of the grmaing wneel are not 
critical to the invention. Other grading wneeis, 
sucn as carborundum or silicon carbide wheels 
may aiso oe usea. The grinding wheel 10 is moun- 
ted on a shaft of a conventional, smaii, high-soeed 
electric motor 12, preferaoly cacaoie of at least 
3,000 R.P.M. 

The motor 12 is mounted on a flexible rectan- 
gular mount 14, i.e. a "flexure" which is made of 
brass and is about .008 inches (.2mm) thick and 
about 1 tnch f2.54cm) high ana aoout 1 inch 
(2.54cm) wide. 

The flexure 14 is fixed to a case member 16 A 
conventional solenoid 18 is aiso mounted on the 
case memoer 16. The soienoid 13 one sucn as is 
commercially available from Ledex, ana is mcuntec 
on the base member 13 so that wnen <t is ener- 
gised, by provision of a control signal on a control 
line 20, the electromagnet (not shown) in the sole- 
noid 13 attracts a steel or iron plunger 19 fastened 
to the motor 12. Since the motor 12 is mounted on 
the flexure 14. energising the scienoid 1 S ou;is me 
plunger-end of the motor 12 a small distance of 
aoout .03 inches {.75mm) and so moves the plung- 
er in the direction "X" as shown. Thus, the motor 
12 translates a small distance in direction X under 
the control of the solenoid 18. wnich provides the 
apparatus with one degree of freedom of move- 
ment. 

A chuck 22 is provided in close proximity to 
the grinding .wheel 10. The chuck 22 comprises a 
conventional three-jawed cnuck similar in configu- 
ration to that used in machine tools. The chucK 22 
is of a type suitable to grip a giass laboratory vial 
24 or a test tube; a typical vial 24 is 1cm to 3cm in 
diameter. The chuck 22 aiso comprises a conven- 
tional electrically ocerated chuck naving at least 
two positions, namely, open, when its jaws 22B are 
open, and closed, when its taws 22B grip and hold 
the vsal 24. Preferably the chuck 22 has several 
closed positions, so as to facilitate the gripping or 
vials of varying sizes. The position of the jaws is 
determined by electrical control signals proviaea to 
chuck 22 by way of a control line 25. 

The chuck 22 is mounted on one end cf a 
conventional translation/rotation support means rcr 
mechanical stage (i.e. a holder) 23. The mecnamcai 
stage 28 has two degrees of freeaom. Firstly, it can 
move up or down along the line cf arrow Z relative 
to the grinding wheel 10. secondly, it can rotate 
angularly as shown by arrow i. A conventional 
stepper motor 30 controls movement along me line 
of Z under the direction signals provided on control 
Sine 32 and a conventional stepper motor 34 con- 
trols the rotational movement B under the direction 
of control signals provided on control line 36. 



Control lines 20, 25. 32 and 36 are all con- 
nected to a controller 42. The controller 42 is 
connected to a host computer or automated labora- 
tory instrument 50. The controller 42 comprises a 

s conventional commercially available microproces- 
sor or a computer. 

Also, an exnaust fan 52 is provided in close 
oroximity to the grinding wheel 10 which draws air 
away from the region of the grinding wheel 10 into 

i a container 54 so as to remove debris generated 
by the grinding. Alternatively, a weak vacuum sys- 
tem (not shown) can draw away the air. A conven- 
tional robot arm 56 is provided to place the vial 24 
■n. and remove it from, the chuck 22. The arm, 56 

•5 is controlled by the computer 50 via a control line 
57. 

The operation of the above-cescribed appara- 
tus is now explained with reference to the block 
aiagram shown in Fig. 2. 
20 The host computer 50 provides a "mark vial" 

command 50 to the controller 42 ana also provides 
a signal representative of the unique number 64 of 
the vial 24 which is to oe marked on the vial 24. 
Tne controller 42 then generates a bar code at step 
25 bar code 66 by conventional computer software. A 
set of corresponding bar code numbers such as 
the binary string 1001101 is then created at step 
66. The controller, by means of computer software, 
translates this binary string into corresponding X, Z 
30 - ana 6 control signals at "generate motion step ,r 68. 
respectively for the solenoid 18, the stepper motor 
30 and the stepper motor 34, 

Upon receiving the mark vial command, the 
controller 42 issues a command on line 24 to the 
js chuck 22 to open its jaws. At this time, the arm 56 
places a vial 24 (taken, for example, from a Pox of 
vials, not shown) into the jaws of the chuck 22. 
After a brief time interval determined by timer 
software 70, which is part of the software of con- 
:o trofler 42. the jaws of the chuck 22 close upon 
-eceivmg a "chuck ciose" command on the line 24. 

The process of grinding the bar code markings 
-crudes :ne steps of the mechanical stage 23 
c-etng mcvea up in direction Z by the stepper 
--:tr 30 until a portion of the surface of vial 24 is 
;: .*- 3:t Wl th the edge of the grinding wheel 10. 
- ■_• - j y s cr example, about 3,000 R.P.M. 

* :n;roiler 42 sends a control signal to the 
■ i on the line 20. This signal energizes 
: ;3 and pulls the motor 12 in direction 
. - rto the grinding position. The edge 

: -g wheel 10 then grinds a line in the 
. of the vtai 24. The stepper motor 30 

■-en -:.o3 the mechanical stage 28 up slightly 
55 -^r-.ner ■ e one step) in direction Z. to extend the 
,ne ground in the surface 24B of vial 24. The 
stepper motor 30 keeps moving the mechanical 
stage 28. and hence the vial 24 uowards in direc- 
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tion 2, jntil one line of a oar ccce is ground in the 
vial surface 24B. P^eferaoiy. the depth cf the line 
ground in the surface 21 4B is about .CG2 inches 
(.051 mm). The relative speed of translation of the 
vial 24 relative to the grinding wheel 10 is prefer- 
aDiy about 2 to 10 Inches (5 to 25cm) per secona. 

If the marKing being ground into the surface 
248 is a narrow line, then only one pass of the 
grinding wheel 10 is required to mark a iine cf 
sufficient wiath. If a wider iine is desired, as is 
typically used in certain oar cede symDOis, then 
the steocer motor 34 rotates the mechanicai stage 
28 sligntly m direction e and then the stepper 
motor 30 moves the cnuck downward, aiong the 
line of Z, as the grinding wheel 10 grinds a seconc 
line along the surface 24B parallel to ana slightly 
spaced apart from the first line. If necessary, a 
third or fourth line can oe grcuna in surface 24B to 
provide a line of any desirea width. A marked bar 
code is shown on surface 24B. 

When one bar code line nas oeen comoletec. 
the control signal provided by the controller 42 to 
the solenoid 18 is terminated, whicn causes the 
motor 12 and the grinding wheel 20 to rotate alone 
X. away from surface 24B. Then, by providing a 
control signal to the stepper motor 34, the control- 
ler 42 causes the rotation of the mechanical stage 
28 to another position so that the next bar cede 
line can be ground. 

This process, as described above, is repeated 
until a complete bar code symbol is ground into 
surface 248. As is evident, any sort of symool or 
pattern such as letters or numbers or other mar- 
kings such as pictures can be ground into surface 
24B by suitable control of the solenoid X and the 
stepper motors 30 and 34. The bar code or other 
markings can be any desired size, and the width of 
the ground line and its depth are a function of the 
material and width of the grinding wheel 10. 

During the grinding process, the exhaust fan 52 
is operating to pull the dust resulting from the 
grinding into the container 54, for disposal. After 
■he markings are ground into surface 24B, the 
mechanical stage 28 moves along Z. downwardly 
in the drawing, to withdrawn the vial 24 from the 
vicinity of the grinding wheei 10. Then the jaws of 
the chuck 22 are opened by a control signal on the 
line 24. The robot arm 56 grasos the top of the vial 
24 and removes it from the chuck 22 and olaces ;t 
in its box (not shown) or in some other location as 
desired. 

As can be appreciated, the above described 
marking process can be performed on an empty 
vial or on a vial already containing a sample. The 
process can be used to inscribe the results of a 
test on the vial, or merely to number or otherwise 
mark a vial so as to identify it. 

The time to form markings on a vial is rela- 



tively brief. A tycical oar code .5 inches M.5cm) 
high by 1.2 inches (3cm) long takes less than ten 
seconds of actual grinding time cn a glass vial. 

In another emoodiment. the invention is ap- 
5 piicabte for forming markings on objects other man 
vials, sucn as flat objects. 

in yet another emoodiment, apparatus other 
than an abrasive wheel, such as sand blaster, is 
used to grind the object to oe marked. Also, !arger 
*o or smaller abrasive wheels than that described 
above may be used. 

In a further embodiment, the vial is held sta- 
tionary and the grinding wheel is moved around the 
viai. 

*5 In yet a further embodiment, the robot arm 56 

and/or mechanical stage 23 are emitted, and the 
operation is performed partially or wnolly manually. 

In stiil a further embodiment, after the markings 
are mace, they are verified as being accurate, for 

20 ;nstance by way of a conventional bar code reader 
that automatically reads the markings and verifies 
that they ccrresDono to the information supplied by 
the computer 50 as to the oattern to be marked on 
the viai. 

25 

Claims 

1. A method of forming markings m the surface 
30 of an object comprising the step cf removing ma- 
terial from the surface of the object in accordance 
with instructions as to the markings to be formed 
so as to form the markings in the surface. 

2. A method as claimed in claim 1 , wherein 
25 means for removing the material and the surface 

are moved in at least three modes of relative 
movement. 

3. A method as claimed in claim 1 or 2, 
wnerem instructions relating to the markings to be 

-o : crmed are provided by a computer. 

4 A methed as claimed in claim 3, carried out 
.vHoily in -esccrse to control signals from a corn- 
outer. 

5 A m-mcd as claimed in any one of claims 1 
-5 :■: -: .-.-^re-n the material is removed from the 

z„"zzz i-z 35 to form a marking pattern comprising 
: ~ . . ; ccaile! lines. 

, : _\ .„ — a3 claimed in any one of claims 1 
t onions of the surface from which 
so " .■ • - zz\ are arranged to form light 

• -ne surface. 
1 - ' as claimed in any preceding 
: a.m .-. - ■ -~ material is removed from the 
surace i: ~z 'z -crrn a bar code. 
55 3 A —erred as claimed In any preceding 

claim, -vrerem the accuracy of a mark formed in 
the surface is verified by mark reading means. 

9. A method as claimed in claim 8. when 
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ceoenaent on claim 7. wnerem the marK is verified 
by bar coce reaaing means. 

10. A method as ciaimed in any preceding 
claim, wherein sana-biasting means are used to 
-emove the surface material 

11. A methoc as claimed r, any of claims 1 to 
9, wnerem grinding means are used to remove the 
surface material. 

12. A methoc as ctaimea ;n claim 11. wnerem 
■he surface is grounc cy a grmcirg wheei. 

13. A method as ci aimed in any preceding 
claim, wnerem the oojec: is supoorted in sucpcrt 
means. 

14. A method as claimed in any preceding 
claim, wherein the ooject ccmcnses a transparent 
surface. 

15. A metnod of forming a bar-ccae marxing in 
a transparent surface of a memoer characterised 
by grinding a plurality of discrete lines In the sur- 
face so as to form discrete Sight-reflecting fines and 
discrete ncn-lignweflecting nnes m the spaces ce- 
tween the ground lines. 

15. Surface marking apparatus characterised 
by means for supporting a memoer wmch includes 
the surface to be marked, means for removing 
material from the surface so as to mark the same, 
and means for moving the removing means relative 
to the surface to mark a partem in the surface. 

17. Apparatus as claimed in claim 16. wherein 
the moving means comprises means for moving 
the member along a line of movement and means 
for rotating the member about an axis sucstantiaily 
parallel to said line of movement. 

18. Apparatus as claimed in claim 17. wherein 
the moving means includes means for moving the 
material removing means a plane substantially per- 
pendicular to the line of movement. 

19. Apparatus as claimed in claim 18, wherein 
the moving means includes a solenoid. 

20. Apoaratus as c:aimed in any of claims 16 
to 19, including control means for controlling the 
surface marking :n resocnse to control data mout to 
the control means. 

21. Aoparatus as claimed in any of claims 15 
to 20, wherein the support means is arranged to 
support a substantially cylindrical memoer. 

22. Apparatus as claimed in any of ciaims 16 
to 21, including means f or loading the member m 
tne suoport means. 

23. Apparatus as claimed in any of ciaims 16 
to 22. arranged to mark a bar-code partem on the 
surface. 

24. AoDaratus as claimed m any of claims 16 
to 23, including means fcr verifying the accuracy cf 
the surface markings. 

25. Apoaratus as claimed in claim 24, when 
ceoendent on claim 23. wnerem the verification 
means comprises bar-code reading means. 



26. Aooaratus as claimed m any of ciaims 16 
to 25, wnerem the removing means comprises a 
motorised grinding wheel. 

27. Apparatus as claimed in claim 26, when 
dependent on ciatm 21 wnerem tne support means 
,s arranged to support the memcer sucn that the 
axis of rotation of the grinding wneel is substan- 
tially perpendicular to the longitudinal axis of the 
cylindrical memoer. 

28. Aoparatus as claimed m c'aim 25 or 27. 
wnerem the width of the grinding wneei is less than 
.008 inches (0.2mm). 
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which are marked by- removing surface material 
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